The performance of the Siemens CCD detectors with 1K and 2K chips is evaluated using radiation from bending magnet beamlines at SSRL and NSLS and from a rotating anode source with three type of optics. Structure solution quality data is obtainable in short times for macromolecular and small molecule crystallography. General experiments, such as timeresolved powder diffraction and overlayer diffraction are also possible.
INTRODUCTION
The rapid success of the SMART system for small molecule crystallography using a Mo Ka sealed tube source has prompted the investigation of its use for macromolecular crystallography. It was expected that SMART coupled to a high intensity, low divergence synchrotron radiation beam would perform well for this application. In particular, its advantages over other technologies presently used at synchrotron radiation sources are:
short readout time (1.3s) improving data quality, observed resolution and data collection time (i.e. productivity of a beamline). better dynamic range and quantum efficiency "narrow data frames" giving better signal-to-background and allowing full 3D profiling. To explore these possibilities tests were performed at SSRL beamline 1-5 AD and NSLS beamline X7B. These beamlines are both on bending magnets with tunable monochromators and focusing mirrors. Work has been performed on rotating anode sources coupled to three types of optics also and is reported here. This work is detailed in the summaries, tables and graphs below.
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SSRL MEASUREMENTS SUMMARY
At SSRL a 1K CCD was tested with a thin phosphor suitable for detection of long wavelengths. Data was sucessfully collected from a small molecule at nine wavelengths (0.855 to 2.06 A) which spanned the tuning range of the mirror/monochromator system. This showed that 1.1 A would give the best intensities. A data set on a lysozyme crystal was obtained at 1.54 A for a direct comparison with data from the same crystal collected using a rotating anode. This indicated improvements in intensities of 10 at 1.544 and 35 for 1.1 A. Rocking curve widths were much narrower, an effect found with other samples and which can be exploited to give improved signal-to-background ( Refs. 1-3). Data was collected at 1.1 A on 23 1 A axis crystal (P-2 Luciferase) with axis resolved at detector distance 100 mrn and d-spacing at the edge of the detector of 1.88 A. High resolution rocking curve measurements on Thaumutin studied crystal growth in ground and space-grown crystals. The technique illustrates the parallelism of the synchrotron beam and the precision of the PLATFORM goniometer. Anomalous dispersion enhancement by choice of wavelengths close to the Fe K edge (1.74 A) led to heavy atom location in a Patterson map. The sample was monoclinic Myoglobin and data collection took 2.7 hrs. Data to 1.9 A and 3.3% Rmerge were obtained.
The small molecule data sets showed that the SMART system can efficiently detect x-rays as low as 2.06 A. A data set at 1.0 A was solved by direct methods (SHELXTL) with a total exposure for the data set of only 3.5 minutes.
NSLS MEASUREMENTS SUMMARY
At NSLS the 2K CCD system was used exclusively. Also the goniometer was set up with the 0-29 axis horizontal, with a fast shutter to allow for short and accurate exposures and with provision for incident beam monitoring by the data collection software. Wavelengths close to 1 A were used exclusively. Data on lysozyme with Rsym of 7.2% to 1.5 A was obtained in 5.5 hrs. Data on ap luciferase, which has a 302 A axis (Ref. 5) was was obtained in 8.0 hrs with Rsym of 13.6% to 3.4 A. The system was also used for small molecule crystallography, solving a porphyrin, a zeolite and a carborane structure previously unsolved because of poor or small crystals. The system was also used for time-resolved powder diffraction and diffraction by multilayers on a macroscopic single crystal substrate.
ROTATING ANODE MEASUREMENTS SUMMARY
On a rotating anode various sets of optics were tested with the 1K CCD. A 0 . 5~1 mm focus loaded to 15 kW and a graphite monochromator gave data on lysozyme of 4.0% Rmerge to 1.8 A resolution in 2hrs. With double Franks mirrors (one 60mm long, one 160mm) and a .3x3 mm focus loaded to 5 kW a similar data set gave an Rmerge of 7.2% to 1.89 A. With double graded multiiayer monochromators (Ref. 4) and the same source a 2.9% Rmerge to 1.7 A was obtained in 4.8 hr. Data from these latter two measurements were used to calculate a 6-fold increase in diffracted intensities from the mirror to the multilayer optics. With the multilayers a 2K CCD was also tested giving data to 6.1% to 1.6 A. Data Note that the detector is on a 29 arm so that it can be positioned at different 29 positions and that it can be moved along a dovetail to obtain various detector to crystal distances (up to 30 cm for standard arm). With these adjustments it is possible to collect data to any resolution for small or large unit cells at a wide range of x-ray wavelengths. Because the c-value is fixed at 54.74Oit is usually possible to collect a complete data set by rotating about w at one or more positions of q. Thus, no remounting of the crystal is necessary. Met -myo~lobin Unit cell dimensi9ns a=34.8 b=3 1.0 c=64.5 ~= 1 0 5 . 6 '~~a c e group P21 Frame width=0.3 Frame time=7 sec.
SMART 2K CCD Detector Characteristics
Distance to detector=5.9 cm 1st wavelength=1.73770A 667 frames; total elapsed time=2.9 hrs Total unique reflections=8610; total reflections=12308 Rsym=3.8% to 1.9A; 76.6% complete 2nd wavelength=1.740 1oA 667 frames; total elapsed time=2.9 hrs Total unique reflections=8558; total reflections=12266 Rsym=4.5% to 1.9W; 77.0% complete 3rd wavelength=l.77750A 667 frames; Total elapsed time=2.7 hrs Total unique reflections=8069; total reflections=l1600 Rsym=3.3% to 1.9A; 78% complete Thaumatin Unit cell dimensions a=b=58.5 c=15 1.6; Space group P422,2 This was a study on crystal growth by looking at rocking curves. Two crystals of thaumatin were used, one grown on the Space Shuttle and the second grown on the ground. The second crystal was considerably smaller than the first. Rocking curves were obtained for both crystals by measuring a series of 50 frames of 0.02 width for each crystal. The rocking curve peak widths (background to background) are about 0.2'for each crystal. Both crystal show the characteistic split peak.
NSLS Data Sets
Unit cell dimensiops a=b=79.1 c=37. Sample with 10 overlayers showsa diffraction peaks and diffuse scattering in a "powder scan" of 400 frames, 15s and 0.1 each.
Cu Rotating Anode Data Sets
A two hour data set for lysozyme and a 24 hour data set for P -2 luciferase were collected using an 18kW Cu rotating anode generator with a graphite monochromator. The CCD detector was fitted with a phosphor designed to be efficient for a wavelength of 1.54A. The results are shown below.
Unit cell dimensions a=b=79.1 c=37.9; Space group P43212 Frame width=0.3~ Frame time=14.5 sec.; 334 frames Total elapsed time=2 hrs Total number reflections=27581
Total unique reflections=10872 Rsym=5.6% to 1.77A ; 89% complete Unit cell dimensions a=23 1.9 b=62.4 c=62.6; Space group P212121 Frame width=0.2j0 Frame time=182 sec.; 480 frames Total elapsed time=24 hrs Total unique reflections=24255 Rsym=12.9% to 2.7A; 86% complete
Cu Rotating Anode with Gobel Mirrors Data Sets
A two hour data set for lysozyme using a 1K SMART, a two hour data set for lysozyme using a 2K SMART, and a 2 hour data set for f 3 -2 luciferase using a 2K SMART were collected using an 18kW Cu rotating anode generator with cross coupled Gobel mirrors. The CCD detector was fitted with a phosphor designed to be efficient for a wavelength of 1.54A. The results are shown below.
Lysozyme. SMART 1K
Unit cell dimensiops a=b=79.1 ~3 7 . 9 ; Space group P4,2,2 Frame width=O. 15 Frame time=2 1.9 sec.; 61 7 frames
